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A METHOD FOR TRANSFORMING TEMPERATURE DISTRIBIJTIONS TO NOEM.ALITY. 

Morris S. Webb, Jr. 
Weather S~rv~ce Forecast Office 

National Weather Service Westerq ~egion, NOAA 
San Francisco, California 

ABSTRACT. A method of transforming and fitting 
temperature distribution~ to the normal curve 
u~ing. the gamma distribution is presented. At 
the same time, the worth of the programmable 
calculator ts once ~ga~n demonstrated. +he 
concept of "base tei)lperature" is introduced in 
the presentation: a concept whi~h permits the 
gamma distribution to be used with nop-positiv~ 
~s wel+ as. positive values. An actual tempera, 
t1,1.re distribution is, transformed to nor1Ila1ity 
using stf=.ps contained in a program designed to 
~ormal:i,.z~ meteorolog.i~al variates. The resultant 
normal curve is then used tQ determine cumulative 
temperat1,1re probabilities. 

A METHOD FOR TRANSFQRMING TEMPERATUR~ DIST~IBUTIONS TO NORMALITY 

Most meteo~ological vaxiates are nqt nQrmally distribut~d. This 
is tr'\le in the cg.se of temperature, whose distributions are pften 
sk1=-wed. 

It is desi:rabie to transform and fit skewed.distributions, such 
as temperature, to the normal curve. This 'is because many useful 
statistical tests such as analysis <!>f variance, hypothesis testing 
about the mean, etc., are valid only for normal distributions. In 
addition, the temperature distribution once transformed can be 
represented as a smooth curve on probability graph paper, thus . 
a;Lloring easy determination of temperature frequency. 

How can temperature distributions be transformed to normality? 
One way is to use the gamma distribution to fit and transform the 
temperature distribution (Panofsky and Brier 1958). Unfortunately, 
the transforming process is usually tedious, involves complicated. 
equations, and hard-to-read tables. 

Enter th~ programmable aalculator! These electronic marvels 
make the process of "normalizing" temperatures virtually painless, 
especially if the calculator is designed to accept magnetic program 
card$. 



However, the 
to be transformed 
expressed in (°F) 

gamma distribution can be used.only if the distribution 
consists of positive numbers, Obviously, temperatures 
or (°C) ca:p. assume value~ of.zero or below. 

. ~ . . . 

One way of solving this problem is to select a "base temperature" 
which, when added to each temperat~re in the distribution, will make 
all the temperatures positive. The ba'se temperature should be a few 
degrees lower th,~n. the dis:tripud.on·' s lowes~. te~perature, if, the dis­
tribution has positive skew, O'r a .few' degrees; higher than the distri­
bution's highest temperature if the distribution has negative skew Jj. 

The author's fo.rmula for objectively determining. the base tempera­
ture is as follows: · 

·' 

Values o·:r Z[N/(N+1)] c·an be obtained from :t:"igure. ·1. 

The prograin to nor~aii:~e meteorologic~! distrfbut:rohs 'cbnsists 
of 435 steps J:.f. It is designed to ~un on a Texas· I~~trU:~knts SR-52 
calculator. The prbgran1 flowchart is sho-t.ffi iri FigU:r~ 2. 

; l. ' • •. • -~ • • • . '' : • • • • • 

For purposes of uiustrad.on,' t~e autho~r will show how January 
minimum temperatures at Laramie, Wyoming, are.transformed to normality 
using steps outlined in t!J.e program 3./. Laramie's winter. t~mperature 
distributions . show large skew and wide extrei:nes..,.-iri other words·; a.· 
good. test for th,e program. 

The~ sample temperatures are selecte'ci and the resultant distri'­
bution checked for the sign of its skew. In this case, a random ·· 
sample of 100 elements is selected from a populat.ion of 620 January 
minimum ._temperatures at Larafl!.ie:. The sample temperatU:~es are then 
array~d, as in Table ·1. Since. TM = 12°F, ·TMODE = 14oF~ 'and .'l:x =_33°F. 
(maximum· ~-i). anQ, -46°F (minimum Ti) ,. the .sample distribu,tion ·is .• '· ·· 
assumed to. have n.~·gative skew. . 

TBASE needs to be. determined, because the distribution has nega­
tive skew and contains temperatures < 0°F. Since N = 100, N/(N+l)' = 
100/101 = 0.9900990099. Using Figure 1, Zl00/101 is found to be equal to 

ll ~ITi- TBASEI should be kept as small as possible. Otherwise f(§), 
a term influenced ·by· the size of -~I Ti - TBASE I , · will"b.ec6me too large 
for the calculator to handle. . . ' . . 

J:./ See appendix. 

11 .The author had previously normalized Laramie's temperatures, while 
stationed at WSFO Cheyenne. 
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2.3'3. Substituting 12°F for TM:, 33°F for Tx• and 2.33 for ZN/(N+l) 
~ields a TBASE of 39.13763204°F. fressing the ~eys FIX , 0 , ~nd 
R~ truncates the fractional pg.rt of the number and places the integer 
39 in t:he data register rese-rved for T:B,ASE· 

The ~ext steps invo],ve the computation of sums whieh q.re used to 
solve later equations. Each Ti is entered into the program by success­
ive keystrokes, with su~s for ri, Ti2 , Ti' = jTi- TBASE!, ln(Ti'), 
and i accumulated in appropriate data registers. After all 100 temper­
atures are entered, the following sums are obtained: 

[ Tj, = 997 

[ Ti 
2 = 28,953 

[Ti' = 2,903 
4 

l,)n(Ti.') = 32?o55?6843• • 

The above su~s are used. to solve equations for the distribution'q 
mean, standard deviation a:nd skew, and the terms A, ~. and B which are 
used to computeT(~) and values of y(~,T'/B). Substituting the approp­

. riate data register contents into the eq~qtions yield the following: 

~ = ITi/N = 997/100 = 9.97°F. 

s =~([.T12 - r.rl')/(N - 1) =J(z8,953 - 100(9.97)2)/(100 - 1) 

= l3.86°F 

.SKE't'f = 3(T- Tv)/S = 3(9.97 • 12)/13.86 = "!0.439 _.. . 

~ ~.ln(l:l'i'/N) -Lln(T1')/N = ln(2,903/lOO) .::. 325 .. 5.576843 .. /100 

= 0.1127529346·· 

G.= (l +.Vl + (4/3)A)/4A = !J-. +.Y1 + {~/2)•{0~112Z5223f±6u)2. 
. Ij:f().112752934"b;·) . ' .. 

= 4 • .59.5307802 .. 

B = crri'/N)/a = cz,9o3/1oo)/4~59530?802·· = 6.317313496·~ 
co 

ICa) = S ta-le-tcit 
0 

~.(a+5)(a+.5)e-[C&+.5) - izfa+5) + 36o~a+.sJ3] 
N4/~ . 
= (a+4)·(a+J)·(a+2)·"(£+1)·~ · 

= 13.29286832··, with error/r(a) < 2(10-7) 

Thus, error< 2.7(10-6) 

±I The two dots precedin~ the superscript indicate the number is accurate 
~o 12 ~ignificant d~gits in the data register. However, the display reg-
1Ster 1n the SR-52 lS. capable of showing only 10 of these digits. 
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.... 
The solut,ions for .i, B, and f(.i) are st~red. in data i-egisters, so' 
they 'Cali be recalled for subsequent computations.~ : 

; . . . . ~ . 

~y entering a temperature 'i' into the program ~i:. thi~· p~in,t,; a 
value of the incomp~ete gamma function corresponding to T' ca~ be 
obtained. The formula for the in~ompU~te ga~a function is: · 

.:; .\f 

.. ~ . . ",/\ rca,T, /B) 
•·' ~ 

An iterative technique is used to solve. the above formula. 
The iterative process continues until the series portion of the formula 
achieves a predetermined accuracy--in this ·case, ·accuracy to seven 
significant figures. The series is then multiplied.by the terms 
preceding it, yielding a value of the incomplete gamma function. 

,:qividing y(a,T' /B) by f(a):.yi.elds the cumulative frequencies P.(T) 
and Q(T) ~ [L- P(.T)] for a temperature T. yalues. of ;y(a,T!/B), P(T); 
and Q(T) 'for selected Jat:tuary minimt,Im temperatures at Laram:Le are listed 
in Table 2. · ... ·, .• · 

Information concerning temperature tvhich wal:i pr'E~viously l;lnknown 
or hard to .determine can be easily interpolated from fitt·ed gamma 
distributions-such as the one in Figure 3 •. The :January min;i.mum 
temperature at Laramie should be >28°F in only ab.out 5 percent of the 
observations; 21 percent of the observed minimums should be <0°~; · 
80 percent of the observations should ;Lie between -8°F and _iS°F, with 
36 percent of the obser'!C').tions being between 16°F and 32°F. In othe·r· 
words, the gamma curve makes it easy to express temperature data in 
probabilistic terms. ·; · ;. 

Thus, temperatures as well as other meteorological_ distributions 
can be transformed to normality by using the gamma dis'tribution as a 
transforming agent. The process. can be,hastened.considerably and 
actually made easy by 7lettihg a programmable calculator do the dirty 
work. Hopefully, this presentation will prove useful to those who 
wish to try the method out at their own station, or ·on other·meteoro+og-
ical variates. . · . . · 
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Figure 3. Graph Depicting the January Minimum Temperature at 
Laramie, Wyoming, (T) vs. the Cumulative Frequency of 
Temperature [P(T) and Q(T)]. 
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TABLE 1 

SAMPLE OF 100 JANUARY MINIMUM TEMPERATURES AT LARAMIE, WYOMING 
USED TO TEST THE PROGRAM 

(TEMPERATURES ARRANGED FROM HIGI!ES:t' TO LOWEST VALUE) 

i Ti(oF) i Ti(oF) i Ti(oF) 

1 33 41 11J. 81 1 

2 33 42 14 82 0 
3 31 
4 30 

4J 14 
4lJ. 14 

83 0 
84 0 

~ 29 
27 ~-' it• 8g -1 

8 -1 
7 27 
8 26 

47 14 
48 13 

87 -2 
88 -IJ. 

9 25 49 13 89 -5 
10 25 
11 25 

!!0 12 
51 12 

90 . -~ 
91 -

12 24 52 11 92 -13 
13 24 
14 23 1g 23 
1 23 
17 22 
18 22 

53 11 
5IJ. 10 
2g 10 
5 10 
57 10 
58 9 

93 -13 
94 -15 9g -16 
9 -17 
97 -18 
98 -22 

19 22 
20 22 
21 21 

59 9 
60 2. 
61 9 

99 -33 
100 -46 

22 21 62 8 
23 20 63 8 
24 20. 61J. 8 
2i 20 
2 19 

6~ z b . 7 
27 19 67 .6 
28 1:8 68 6 
29 18 69 5 
~0 18 
31 18 

70 5 
71 5 

32 18 72 5 
33 17 73 5 
JIJ. 17 ?IJ. 4 
3g 1z · 
3 17 

z~ ~ 
7 3 

37 17 77 2 
38 16 78 2 
39 16 79 2 
40 15 §9. 2 
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TABLE 2 

VALUES OFr{a,T 1 /B), P(T), AND Q(T) FOR SELECTED 
JANUARY MINIMUN TEMPERATURES A1' LARAMIE, WYOMING 

. 
T(°F) Y(~,T'/B) P(T) Q(T) 

37 0.00085 0.00006 0.99994 
35 1).01592 0.00120 0.99880 
30 0.35198 o.o261J.E 0.9?352 
25 1.45297 0.10930 0.89070 
20 3.26784 0.24583 ! 0.75417 
15 5.11{)220 0.40640 0.59360 
12 6.66542 0.50143 0.49857 
10 ?.IJ.6000 0.56120 O.IJ.3880 

5 9.20132 0.69220 0.30780 
0 10.54511 0.79329 0.20671 

-5 11.5131J.7 0.86614 0.13386 
-10 12.17533 0.91593 {),08407 
-15 12.60905 0.94856 0.0514IJ. 
-20 12.88}70 0.96922 0.03078 
-25 13.05274 0.98194 0.01806 
-30 13.15430 0.98958 0.01042 
-35 13.21409 0.99407 0.00593 
-40 13.24867 0.99668 0.00332 
-45 13.26836 0.99816 0.00184 
-so 13.27942 0.99899 0.00101 
-55 13.28556 0.99956 0.00055 
-60 13.28893 .0.99970 0.00030 



APPENDIX 

ACTUAL SR-52 PROGRAM 

USED TO NORMALIZE METEOROLOGICAL VARIATES 

(X replaces T in most of the symbology, since the program 
is used to normalize meteorological variates other than 
temperature) ~ · 
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( 
JVIEAN, STANDARD. Dt:VIA.TION' 

TITLE Sf(ew, a , AND a 

SR-52 
User Instructions 

PAGE __ I __ OF~3~-------

III•BE J I I I I SkEW I /NIT. 
B IM£0/AN 

STEP PROCEDURE ENTER PRESS DISPLAY 

I LoAD PRoG-RAM CARD 

2. C~EAR REfriSTERS *E'" ¢ 
3 ENTER MEDIAN X MEDIAN E X MEDIAN 

4 CALCULATE X BASE X MAX/MIN 
;jl.A' 3.8~1 

=.J·i~;;,";.~, ·[ x,. •• /MIN- x~~~ •• ,.,J] Z[N/(Ni-i)] RUN X BASE 

+ XMEDIAN *FIX Jn.,JYI.=¢,···,, RLIN x BJISE c~:~~~~r.l 
M L PtAC£ 

NaTe: USE $TEPS 3 AND If V. HEN ANY OF THo IX; s AR 5. ¢, AND/OR WHEN THE 
DiSTRiBUTION HAS A N GATIVE Sf<EW. 

5" INDEPENDENT VARIAB~E X; X; A X; 
B i, i=-1,-·;N 

REPEAT STEP 5 FOR .ALL X; 5 
lN THE DIST/UBI.lTioN 

6 CoMPUTE THE. MEAN *s' X 

t CoMPUTE THE STANDARD oEVIATioNT *c' s 
8 . [Oro4.P!ITE THE SkEW *D' SkEW 

q Coro4PUTE 8. c 1\ 
0. .. 

1(1! " D 
A 

CoMPUTE B B 

X=~xi-IN 
S=..JN~i (t.xt-Nx1

) 

S~tEW= 
3(x- XMEorAN) 

s· 

Q = (1 +-.I I+ 4A/3)/4A "' HERE A= 1M. x' ;&~.v,x-r, x r = lx;-~ BASEl 
B= Xjtq WHERE X'=f~JX; -XBAsE~/N 

r=l 

t=l 

I 

TITLE x, s .,·SkEW~ a .. AND 8 
PROGRAMMER l'loRRIS S. WEBB, JR. 

LOC CODE KEY COMMENTS LOG CODE 
000 46 LBL .. 54 

l;t :t<B' % 
53 ( 040 % 
43 RCL I I 
fA¢ (7) CoMPuTE 53 

005 (!j(, 6 X '+1 
55 .. 0¢ 
'+3 RCL 045 04 
01 I 7-5 
¢0 ¢ 1./-3 

010 54 ) 01!> 
5(, *RTN 03 
lj.(, "'LBL 050 54 
18 *c' tt0 
53 ( 3!Zl 

015 53 ( 41 
53 ( 00 
lf3 RCL 055 !/JE 
¢¢ 0 43 
I/J7 -:r ¢¢ 

020 tS - 04 
4-3 RCL 'OJ 
01 I 060 Lj.(, 

RJ0 1/J 12 
6!J X '+3 

025 11 *B' COMPUTE ~0 
4-0 *"x• s 16'+ 
5Lt ) 065 4-4 
55 . 00 7 

.53 ( - 06 
030 43 RCL 4-¢ 

01 I lflf 
¢¢ ¢ 070 00 
15 - R!r 
01 I '+3 

035 Elf ) 00 
54 ) 05 
~ ;t::...r 075 '-1-'t L__ 
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PAGE 2 OF 3 . SR-52 
DATE ~~7-7 -- Coding Form 

KEY COMMENTS LOG CODE KEY CQMMENTS LABELS 

) rO{I) (7) •) xr A X; 
RTN ¢3 ~ 

i=-1 B j 

"'LBl.. '23 LNX c a 
A lf't SUIII\ .. D B 
( 080 00 0 r) t..xr e xi\IEWIN 1 

STO 'J9 "! i=l 
A" X BA5E I 

~ ~~ r s· X 
4 '+If SUIII\ c· S 
- Ill I I ~ N 0 ' SKEW 

RCL CoMPuTE 
085 0¢ (7) E' INIT. 

0 xr '+3 RCL REGISTERS 

3 =IX;·XaASEl 1!11 I DISPLAY 00 

) AND DIS· ¢{1) ¢ N 01 fi1EDIAN 

*x.,. PLAY X; Bl l-ILT 1, 02 XMA!I'/I\IIN 

:t..y 090 Lf(, "'LBL 
_., 

03 XBA5E 

STO 13 c CoMPWE o4 X; 
0 53 ( /\ 

o5 X~ 0. 

5 53 ( AIID ST.qJlE o6EX 

RCL lf3 RCL IN R.~ o1EX.,. 

0 095 PM ro o8 Ex' · 

lj. ¢'iS 8 09 L:.RMx' 
l-ILT 55 1o N 

:~:LBL COMPUTE 43 RCL 11 A 
B SUMS ¢1 I 12 s 

RCL 100 ¢¢ ¢ 13 8 
r/J 5'+ ) (COMPUTE 14 

4 13 LNX A AND 15 

SUM "' 15 - STORE 16 

!/; ~) X; lf3 RCL IN R/1) 17 

6 j:·J 105 100 (l) 18 

*x1. 0''1 9 19 

SUM 
" 

55 FLAGS 

eJ r[ x~ '+3 RCL 0 

f i~l ¢1 I 1 

RCL 110 if¢ ¢ 2 

0 5'+ ') 3 

5 4 

SUM 



/ " sr-s2 TITLE~2, ... ~>',i'Y:b. -~·c:_G _____ PAGE_} __ OF __ 3__ " ,. 
PRoGRAMMER_L"l_~r.''L2-__w__,.sa, :~ ... __ _______ oATE~ _ _iiD_7 ___ Cootng Form 

SR-52 
User hstructions 

--
LOC CODE KEY COMMENTS LOC CODE KEY COMMENTS LOC CODE KEY COMMENTS LABELS 

GAMMA FUNCTION 
liTLE __ ALli.IL.l.N_caMf:LEifc_SiA.l>'l&'Lfu~ PAGE_I __ OF _ __c3"-----

~? c-lJ;l ~TO rJr/J 0 R,3 43 RCL 

1-~:--~-= 0 
--·-

9)1 "' I 55 00 
01 Lf-3 i ,0 I 

----,~-. 
I 152 RCL I r"--~--

53 ~r~- ., I 195 = D B 
E3 ( 02 2 1921 'ill HLT ({NSERT FIX 

E x/<1£DIAN m=-0 ... q) 

c__!1_7_ ~'±_ f-Lt:_ -- '----;,' q 5 = 152 EE A' Xs~-~-'-
" in 55 --;- H 41 STO INV lrll~~_f!!!_~IJ s· X 

-f-f= II 157 ~~ I 52 
.---- -···---

~- I EE ROUTINE) c· S -- n INV -r 65 3 D'SKEW 

c!il t<E~ 1 -- 11 ?.I HLT 197 57 *FIX E'INII. 
f---- " ,. *LBL A 
~1-~.2 J_l_ --~---~OMP«TE LH, 42 510 (DISPLAY REGISTERS 

01 I 6. 15 E STORE >DfJ 0 ~TRUUCATEO 00 

f,f_·.~- I ·-.. ~ T::6I::J-~:d 
~::IJ•Ba: - -- - I 
c--_ I I I I 

--
STEP PROCEDURE ENTER PRESS DISPLAY 

THE "1'1EAN ,_ STANDARD OEV!A-

TION, ... , B" PROCRAJ\'\ 151 TO 
AE l<,(, PRUJJL'[o STEP 

1 LoAo e~pG;1AM CARD 

l 2 'CALCULATE ]l&J A na) 
3 lNVEPENDEi.JT VARIABLE X X 8 X --

------
155 + AND STORE 162 LJ-2 STO MEDIAN 03 3 X sA~ 01 />\!::DIAN. 

01 ¢¢ 0 
t-- -----

I IN R 11 IN 'ill HLT ~ x,..,,A:>:/ __ l_:!l__ 

54 *r =-==j 
01 I R,;, 202146 LBL ~~~?.X BASt 

127 J!/J ·-- l . . ~I HLT 1,. l'l *D' 1~":'..2<_i __ 
'35 + I I 14' 'l<LBL i 53 ( o5 X~ __ j 

(/).I -}- --~ 1s1 It. :t:A' Co,..., PurE 17 *B' . ooL X 
5'-\- 42 , STO XaAsE 15 -I --1 ~[;~ 

f--- 1--;-- 0¢ r/J 
-- ---1--- r-------

ij5 207 4-3 RCL CoMPUTE ''"Lx' 
132 I') 4- '-t tfl '2 0!/J 0 SKEW o9 I::~x' 

L~ CALCULATE rrel xis> c na! x;•f}) (UN-
ROUNDED). 

5 ( ALCULATE P(x) D P(x) (To FivE 
DECiMAL PLAcES). . 

{, CALCULATE Q(x) E Q(x) (To FIVE 

DECIJ\'\AL PLACES). 

REPE/lT STEPS 3-6 FOR 
EACH.X. . 

55 7[; - 01 I /1o N 
43 RCL __j~Lf-3 RCL 54 ) I ! L"-~---

f-
011 i--- :, i 00 0 65 X i !; 12 C\ - ·------ _, ___ 

1---------l! i ¢1 --r---(I) I I _j I 
212 03 ~----'-·1'3 

§ 
137 95 = I I! !% = 

lEE : J=t-~" Lf1 STO I 65 X 11) I*('-,-+ 8 --== 
01 I 177 53 ( 95 = 16 
02 2 rj)J 3 '61 HLT I c---!1 1;---

r- \ll HLT 93 211 4-b i""LBL 1 1 ~ ---= I 

142 4-b ;:~BL_ ' d ¢'6 \l ('lg_q~···J (rj) *E' CLEAR 119 
14- !) i 09 9 '-1-1 *eMs REGistERs I FLAGs 

Lj-] RCL I 182 01 I ]!; CLR, E --i--- l 5J; '61 HLTl ~ 1 ___ 0~ 0 I 
J1_,__5L I \ll HLT (INSERT 

222 I IH ___ f--- "(N.,(W+t~) 
~__2_:_I __5_51 ~- iSoMPUTE 54- ) I 3 

--1 -----
Lf] f\C.L 8 AND 3¢ '1<-r I • 

To seE U1+s) *A' 
To SEE xjtg *B' 

r-k I ro,.. ~ --;-----f-y-
i l(-')-! _a-1 ;td.t"'~·(l" /<>+5'T=[Tl.+o)-- '~d0.-1-5)+ ~ 

·
3
j, ERR~R < 2(1¢) I , '-"1--J_.., e - <at5J at5 e · 

( ~ +. ;.. ' c; ,, ::'. ( ~+ rH" +I . a n<l> 
$'/,'. ,,,., -(X/aJt. ii''/al Y(8 Xfe) = B;t_"-'e*J.t ~ ( B, e n~o a O+ 1 • ., Q+h 

p (X) = r_~7;m 
[Q(x)= I- P(x) 

I 

I 
c___ 0\L [ __ _l_s_IoRE '"- 187 'il5 + j=== L --- ~ ... -- ----- _ __L_ ! 

-l~'-- PartND1220479 



TITLE GAMMA ITNcaMP! ErE GAMMA EvMcTwM PAGE_'2_oF_3 __ SCR·d~2 f 
PROGRAMMER MORRIS S WEBB, .TR DATE 5/?..<f/7? 0 1ng Otm 

TITLE GAMMA/ TNcoMPLETE" GAMMA FuNcnotl PAGE_3___0F_3__ SCR-d. ~2 f 
PROGRAMMER~/\1\oRRIS S WEBB, Jg. DATE !i/2'i /Tl 0 1ng Otm 

LOG CODE KEY COMMENTS LOG CODE KEY COMMENTS LOG CODE KEY COMMENTS LABELS LOG CODE KEY COMMENTS LOG CODE KEY COMMENTS LOG CODE KEY COMMENTS LABELS 

000 '+b LBL ¢4- Lj. STEP 45) 52 EE AJc~) IF NOT 112 56 *RTN , 75 - 54 ) Af{£1) 
IT- *B' (/)5 5 22 INV &OTO sx lfb l"'lBL 53 ( 55 . sx 
53 ( 040 1-r * B' (IF n*¢• '1¢ *IFZRO STEP ¢n) cn4,x/8) 14 D 152 (/)I I 53 ( crcS.,x:ta) -
53 ( Lfl G-TO CAlCULATE ¢¢ 0 0 P(x) 53 ( ¢2 2 16 :tAr D P(X) 

4-3 RCL 01/J ¢ X/§ AND 060 (/J3 3 EQ(x) 43 RCL 65 X 192 t5 - E Q(x) 
005 rj¢ f/J ¢4- lf 03 3 A'(Qt5) GO TO STEP 117 ¢1 I f{, *A' ¢2 1. A'(cl.H) 

04- LJ. ~6 b lf(,) 43 RCL s·X/a {l)K 13 COMPUTE 54 ) 54 ) s·x~a 

75 - CoMPUTE 
045 laJI I (.?)I I c· 5[; . P(x) -157 11/J *Yx 55 - c· 

1-/-3 RCL AND 55 . liZ!? "f o· 4J RCL \?5 + 53 ( 0' 

¢9l (.?) DISPLAY 53 ( 065 65 X E' 01 I 53 ( 197 1{, :tAr E' 

010 r03 3 X~g 43 RCL 1-r 1<B' REGISTERS 122 f/Jtf 4 (/)3 3 15 - REGISTERS 

54- ) (I) I I JX/B] 45 yX 00 5/.f ) (/)6 (, ¢1 I 00 

4-¢ *x2. 050 (Z)l 2 'ld+h] 43 RCL OlJ'AEDIAN 5+ FIX 162 (/J¢ ¢ 'j5 = 01/'A.EOIAN 

3¢ v- '65 + ¢1 I 02 XMAXIM!N el5 5 65 X '-tl STO 02 XMAx/Mill 

5!) 43 RCL 090 ¢1 1 03 )( SASE . 56 "'RTN ,. 16 *A' 202 ¢1 I 03 X BASE 
015 lf3 RCL ¢1 I 65 X 04 XoRX· 127 4-3 *LBL Lf-.5 yX C/J't Lf 04 X OR X; 

¢1 I (/)5 5 11 *B' osX[ 15' E (/)3 3 81 HLT as xr 
¢3 3 055 19s = "fl+ +I- osi:x (hi I CoMPUTE 167 54 ) 46 "'LBL osJ:x 

Stf ) Lf"' *PROD 
1 m-m--1 22 INV o7i:x'l. 15 - Q(xl 2¢ ;;;Yx 11.' B o7L:'X1. 

56 ~RTN (ill I n;, Rl4 095 13 LNX oar: x' 14 D 54 ) 207 n /NV ENTER oaL:x' 
020 % 'j(LBL !(/J(, (, I "15 - 09 i:,t.,X'' 1-- COMPUTE 

13 c rr&,x/g) l.f3 RCL (RECALL '22 /NV 10 N 
132 'IE - 'l'f +I- 51 "'FIX AND DIS- o9"£JMx' 

~I HLT 22 INV l.fl STO PLAY X 10 N 
(ll{ll 1/J 060 (.?)I I ~ R"J s-r :tpJX "A 46 "'LBL 172 ?.3 LNX ¢¢ (I) ,A 
41 STO (STORE (.?)6 b '42 5TD (STORE 12 a 
!Ill f 144 SUM fR 100 01 I Y({i,X/6) 13 B iERO IN 

II A 55 . 
1/Jl.f Lf. 12 8. • 

(/)2 1 43 RCL 212 Sl J.iLT 13 8 
025 !l>E 5 R1~; AND {Ill I ""= R,,. I (Z)S s IN R,s) '

4 na> 137 65 X ()I I 14 na> 
LJ-2 STO Rr;o) (/J? 1 'ill HLT 15 n 
(/)1 I 065 (/)I I 46 1<LBL.. 16

m nr~ 
f/Jr ?- 44- SUM (Loop f{, :tA' 11~R" 
(l)l I ¢1 I COUNTEo\ 

105 53 ( COMPUTE ,af(a,x/8) 

5'1 *71 ¢2 1. 15 n 

55 .177 55 . 
16 rrrm:J 

*A' ( 
co n.:o ±n_ 

16 COMPIATE 53 11?,.: R" 
"15 = ns.> 16 '*A' 217 1s .rca ,x}a> 

030 42 STO (STORE 1 (/)5 5 43 RCL AND 19 142 3¢ IV AND STORE 75 - 19 

01 I IN Rid 4-3 1\CL 11/JJ I DISPLAY FLAGS 65 X IN Rt<i (/JLj '+ FLAGS 

(!)6 (, 070 (hi I (/)1. 1. (~+5) 0 16 *A' 182 !>"/ ) 0 

4-3 RCL_ (RE<ALL 06 (, &5 + , lf5 yX 55 . , 
101 ·-

h) 51 '¥FIX 110 105 £ 2 I CIFR > 1(, *A' 53 ( 222 2 
035 ¢5' 5 (b't t 0.0000000 5lt ) 3 

147 65 X 16 *A' 3 

'I¢ :,IFlRO (IF h=0 52 EE GO TO 4 53 ( '?-5 - 4 

¢¢ ¢ GOTO 
075 22 !NV STEP¢33; 1(, ,r:A' 167 ¢3 3 ·-·--
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NOAA Technical Memoranda NWSWR: (Continued) 

92 Smoke Management in the Wi llamette Valley. Earl M. Bates, May 1974. (COM-74-11277/AS) 
93 An Operational Evaluation of 500-mb Type Stratified Regression Equations, Alexander E. MacDonald, June 1974. 

(COM-74-11407 /AS) . 
94 Conditional Probabi I ity of Visibi I ity Less than One-Half Mile in Radiation Fog at Fresno, California. John D. 

Thomas, August 1974. (COM-74-1 1555/AS) 
95 Climate of Flagstaff, Arizona. Paul W. Sorenson, August 1974. (COM-74-1 1678/AS) 
96 Map Type Precipitation Probabi I ities for the Western Region. Glenn E. Rasch and Alexander E. MacDonald, February 1975. 

(COM-75-10428/AS) 
97 Eastern Pacific Cut-off Low of Apri I 21-28, 1974. Wi II iam J. Alder and George R. Miller, January 1976. CPB-250-711/ASl 
98 Study on a Significant Precipitation Episode in the Western United States. Ira S, Brenner, Apri I 1975. 

CCOM-75-10719/ASl . 
99 A Study of Flash Flood Susceptibi I ity--A Basin in Southern Arizona. Gerald Wi II iams, August 1975. CCOM-75-11360/AS) 
100 A Study of Flash-Flood Occurrences at a Site Versus Over a Forecast Zone. Gerald Wi II iams, August 1975. 

CCOM-75-11404/AS) . 
102 A Set of Rules for Forecasting Temperatures in Napa and Sonoma Counties. Wesley L. Tuft, October lg75.(PB-246-902/AS) 
103 Application of the National Weather Service Flash-Flood Program in the Western Region. Gerald Wi I Iiams, January 1976. 

CPB-253-053/AS) 
104 Objective Aids for Forecasting Minimum Temperatures at Reno, Nevada, During the Summer Months. Christopher D. Hi I 1; 

January 1976. CPB-252-866/AS) 
105 Forecasting the Mono Wind. Charles P. Ruscha, Jr., February 1976. CPB-254~650) 
106 Use of MOS Forecast Parameters in Temperature Forecasting. John C. Plankinton, Jr., March 1976. CPB-254-649) 
107 Map Types as Aid in Using MOS PoPs in Western United States. Ira S. Brenner, August 1976. CPB259594) 
108 Other Kinds of Wind Shear. Christopher D. Hi I I, August 1976. (PB260437/AS) 
109 Forecasting North Winds in the Upper Sacramento Val ley and Adjoining Forests. Christopher E. Fontana, September 1976. 
I 10 Cool Inflow as a Weakening Influence on Eastern Pacific Tropical Cyclones. Wi I I iam J. Denney, November 1976. 

CPB 264655/AS) 
Ill Operational Forecasting Using Automated Guidance. Leonard W. Snellman, February 1977. 
I 12 The MAN/MOS Program. Alexander E. MacDonald, February 1977. (PB 265941/AS) 
I 13 Winter Season Minimum Temperature Formula for Bakersfield, California, Using Multiple Regression. Michael J. Oard, 

February 1977. 
114 Tropical Cyclone Kathleen. James R. Fors, February 1977. 
I 15 Program to Calculate Winds Aloft Using a Hewlett-Packard 25 Hand Calcu1ator. Brian Finke, February 1977. 
I 16 A Study of Wind Gusts on Lake Mead. Bradley Colman, Apri I 1977. 
I 17 The Relative Frequency of Cumulonimbus Clouds at the Nevada Test Site as a Function of K-value. R. F. Quiring, Apri I 

1977' 
118 Moisture Distribution Modification by Upi'Jard Vertical Motion. Ira S. Bronner, /\rri I 1977. 
I 19 Relative Frequency of Occurrence of Warm Season Echo Activity as a Function of Stabi I ity Indices Computed from the 

Yucca Flat, Nevada, Rawinsonde. Darryl Randerson, June 1977. 
120 Some Meteorological Aspects of Air Pollution in Utah with Emphasis on the Salt Lake Val ley. Dean N. Jackman and 

Wi II iam T. C!-Japman, June 1977. 
121 Climatological Prediction of Cumulonimbus Clouds in the Vicinity of the Yucca Flat Weather Station. R. F. Quiring, 

June 1977. 



NOAA SCiENTIFIC AND TECHNICAL PUBLICATIONS 
NOAA, the National Oceanic and Atmospheric Administratiolz, was established as part of the Depart­

ment of Commerce on October 3, 1970. The mission responsibilities of NOAA arc to monitor ~md predict the 
state of the solid Earth, the oceans and their living resources, the atmosphere, and the space environment of 
the Earth, and to assess the socioeconomic impact of natural and technological changes in the environment. 

The six Major Line Components of NOAA regularly produce various types of scientific and technical 
information in the following kinds of publications: 

PROFESSIONAL PAPERS- Important definitive 
research results, major techniques, and special in­
vestigations. 

TECHNICAL REPORTS-Journal quality with ex­
tensive details, mathematical developments, or data 
listings. 

TECHNICAL MEMORANDUMS -Reports of 
preliminary, partial, or negative research or tech­
nology results, interim instructions, and the like. 

CONTRACT AND GRANT REPORTS-Reports 
prepared by contractors or grantees under NOAA 
sponsorship. 

TECHNICAL SERVICE PUBLICATIONS-These 
are publications containing data, observations, in­
structions, etc. A partial listing: Data serials; Pre­
diction and outlook periodicals; Technical manuals, 
training papers, planning reports, and information 
serials; and Miscellaneous technical publications. 

ATLAS-Analysed data generally presented in the 
form of maps showing distribution of rainfall, chem­
ical and physical conditions nf oceans and atmos­
phere, distribution of fishes and marine mammals. 
ionospheric conditions, etc. 

Information on availability of NOAA publications can be obtained from: 

ENVIRONMENTAL SCIENCE INFORMATION CENTER 
ENVIRONMENTAL DATA SERVICE 

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 
U.S. DEPARTMENT OF COM,ERCE 

3300 Whitehaven Street, N.W. 
Washington, D.C. 20235 
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